optimization [3] , the GA [4] and the PSO [5] have been used in the previous research studies. The optimization of linear antenna provides a pattern that has minimum the SLL and the HPBW i.e. by using the PSO and the GA [5] [6] [7] . The composite differential evaluation (CoDE) algorithm applied to optimize inter-element spacing, between two consecutive elements to minimize the SLL and to place nulls in the desired direction [8] [9] . A multi-objective optimization approach has been used in Ref. [10] - [11] , to maximize the directivity and to minimize the SLL of an antenna array in the optimization process. In Ref. [10] the authors introduced a new technique memetic multi-objective evolutionary algorithm called memetic generalized differential evaluation (MGDE3) algorithm, which is the extension of generalized differential evaluation (GDE3) algorithm. In Ref. [12] the authors introduced a technique to realize the characteristics and performance of the non-uniform linear array. The presented technique had been utilized multi-objective functions to optimize inter-elements spacing, excitation currents, and excitation phases as well as minimized SLL and HPBW. Real-coded genetic (RCG) was employed for time modulating linear antenna array to impose nulls in the desired direction by optimizing spacing and excitation amplitude. In this paper, two fitness function are presented. One fitness function is defined to place nulls in the desired direction by optimizing excitation amplitude, another one is provided a pattern of minimized SLL and HPBW. The paper is arranged as follow. Section II is addressed the analysis of design parameters, the number of the element, inter-element spacing, and excitation amplitude, of a linear antenna array. In section III, the PSO and optimizing the design parameters using the PSO are briefly described and studied in section IV and section V, respectively. The PSO employed to improve directivity, placing nulls in the desired direction are discussed in section in V. Finally, Section VI states the conclusions.
II. ANALYSIS OF ARRAY FACTOR
The linear antenna array parameters generally involve inter-element spacing, excitation amplitude, and number of elements, which directly influences its effect on array factor (AF). All these variables have been used to demonstrate beam forming and beam steering of a linear array. Fig. 1 shows a linear antenna array in which identical antenna elements are placed on one side from the origin. The AF for N elements can be considered as follows [13] . 1) where N is the number of antenna elements, a i , d i , ϕ i, and k are the excitation amplitude, the inter-element spacing, the excitation phase and the propagation constant for the i th element.
To study the effects of these variables for an optimum design, a MATLAB routine has been developed using Eq. (1), and the AF has been plotted as a function of various control parameters. Because the element N in an antenna array plays an important role in beam forming, beam steering, and interference reduction. Fig. 2 is plotted by varying the number of elements while keeping the spacing between two consecutive elements as 0.5λ and ϕ i = 90°. Results of Fig. 2 are normalized with respect to the maximum value of the main lobe. From the Fig. 2 , it has found that the HPBW is decreased with a minor reduction in the SLL with an increase in the number of elements. The performance of an antenna array is also dependent on the distance between two consecutive elements. The distance between the elements should be close to 0.5 λ. To observe the effect of spacing, the distance d on the radiation characteristics of an antenna array, a simulation has been carried out with d changing from λ/2 to a relatively small separation between two array elements, i.e., up to d = λ/10 shown in Fig. 3 . It has demonstrated that the distance d should be closer to λ/2. Excitation amplitude for each individual element, commonly known as a weight factor, also changes radiation characteristics of an array antenna. By changing its value for various elements of an array, one can change the overall array pattern. A comparative analysis of weighted and un-weighted antenna design is presented in Fig. 4 . This is a primitive analysis, which is not based on the appropriately weighted amplitudes rather than the amplitudes are changed to observe its effect on AF variation. For equal and unequal amplitude excitation, the HPBW is decreased and the SLL is increased while for unequal amplitude excitation, the SLL is reduced and the HPBW is increased shown in Fig. 4 .
III. PARTICLE SWARM OPTIMIZATION ALGORITHM
The PSO is frequently used to solve successfully complex multidimensional optimization problems in different fields, such as antenna design and devicemodeling [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] etc. In the PSO, every individual entity in the swarm is referred to as a particle and is associated with a velocity. All particles move in search of space and update their velocity according to the best position which is already found by themselves and by their neighbor which is also trying to find the best position. The PSO is a computational method which iteratively optimizes the problem based on a certain fitness function. Since we are dealing with both uniform and non-uniform linear antenna array, so each particle is a vector which contains the information for each feed antenna. This information includes the excitation amplitude |a i |, excitation phase | ϕ i | and the distance of element with respect to the previous position, d in the array. The flow chart of t h e PSO is given in Fig. 5 
iii. Compute fitness function for each particle.
Compute the particle's best position (p i ) and the global best position (g) such that f (pi ) < f (g)
Initialization of particle with random position xi, velocity vector vi and calculate best local position pi and best position gi Update particle's best local position (pi=xi) 
where β = 1, α p = 0.9 , α g = 0.9 After updating velocity this algorithm will repeat till certain termination criteria like a total number of iteration are met. The PSO requires appropriate fitness function for the algorithm. A fitness function should have the ability to reduce the SLL and minimize the HPBW. A fitness function is designed considering the target value of the SLL and the HPBW. It is given in (2) and (3).
IV. SYNTHESIS OF LINEAR ANTENNA ARRAY USING PSO
In this section, the PSO is employed for optimum values of excitation amplitude and inter-element spacing to minimize the SLL and HPBW. In order to compare with previous research work, three elements 10, 12, 16 are considered as examples to simulate. In the first section fitness function 'f 1 ' is employed to minimize the SLL so as to get the optimum values of excitation amplitude and inter-element spacing. While in the second section 'f 2 ' is used to control the nulls in a specified direction.
A. Optimization of Excitation Amplitude
For each individual element, the excitation amplitude, also known as the weighting factor, are changed the characteristics of the antenna array. 10, 12, and 16 antenna elements arrays are considered to optimize the excitation amplitude in order to achieve the suppressed SLL and the minimum HPBW. The inter-element spacing and excitation phase are fixed i.e., the inter-element spacing between two adjacent antenna elements is 0.5λ while excitation phase for each element is 90°. The excitation amplitude is assumed as the range [0 1]. For uniform inter-element spacing and excitation phase, the proposed PSO algorithm has a peak value of -17.26 dB with the minimum HPBW as 11° when 10 antenna elements are selected. For N = 12 case, the peak SLL is less than -24.14 dB while the HPBW decreases to 9°. Similarly, for N = 16 case the peak SLL is further reduced to -28.05 dB and the HPBW is less than 7° shown in Fig. 6 . It has been found that there is an improvement of 1.29 dB and 11.98 dB in the SLL compared with the results of the BBO [26] and the GA [28] for N = 10 and N = 16, respectively. Considerable improvement in the HPBW has been observed while the SLL is suppressed with increasing number of elements listed in Table I .
B. Optimization of Inter-element spacing
The performance of an antenna array is also dependent on the distance between two consecutive elements. To obtain the optimum values of inter-element spacing, the PSO algorithm has been employed with equal excitation amplitude a i = 1 and excitation phase ϕ i = 90° by using the fitness function f associated with the SLL and HPBW. The number of elements in the antenna array has been chosen as 10, 12, and 16. The optimized values of inter-element spacing are given in Table IV and comparative results are given in Table III . It has been observed that the HPBW is minimized up to 5° and the SLL is reduced up to -21.08 dB when N was increased up to 16. As compared with the results of the BBO [26] and the PSO [29] there is an improvement of 1.0 dB in the SLL and 2.1° in the HPBW by using the proposed algorithm shown in Fig. 7 Brazilian 
C. Optimization of Excitation Amplitude and Inter-element spacing
The PSO method is also employed to optimize the excitation amplitude and inter-element spacing. The fitness function given by Eq. (2) is used to get the optimum amplitude and position so as to minimize the SLL and the HPBW. In Table V As compared to [1] there is an improvement of 13.85 dB in the SLL and 0.45° in the HPBW by using the PSO and similarly, for N = 16, there is an improvement of 16.11 dB in the SLL and 0.45° in the HPBW shown in Fig. 8 . The directivity of the antenna can be defined as the ratio of radiation intensity in a given direction from the antenna /antenna array to the radiation intensity averaged over all directions [13] . The mathematical form of directivity, D for antenna arrays can be written as
where P rad is the total radiated power and U max is the maximum radiation intensity. N=12 N=16 The directivity of the linear antenna array can be improved by controlling the switching time [30] , inter-element spacing and excitation amplitude. Considering 12 and 16 antenna array elements, the directivity and the SLL of linear antenna arrays have been improved by increasing the number of elements and controlling the inter-element spacing, the excitation amplitude. Another important application of linear array is null control [1] , [5] - [6] , [9] . The null control refers to control the radiation pattern in a way such that a relatively small amount of power is received/radiated in certain directions. At the transmitting end, the null control is used for transmitting low power in the directions where an eavesdropper is present. On the receiving side, it is used to reduce the amount of power received from interferers. The null control can be achieved by controlling the parameters, excitation amplitude, excitation phase, array spacing and the number of elements. It is important to note that reducing the amount of power in one direction means that power is increased in another direction. Ideally, the power is decreased in the direction of interferers and the main beam is increased in the same direction. Generally, it is hard to accomplish this, it is needed to tradeoff. So the PSO algorithm is employed to place nulls in specified directions using the fitness function f 2 . Three different examples are considered for different antenna elements and nulls at specified places. Next, in order to study deep null at the first nulls of the main beam, the PSO algorithm is employed using fitness function f 2 as given in Eq. (3). The first nulls for the main beam are placed at 80° and 100°. The purpose of these nulls is to reject the interfering signal close to the main beam and also to minimize the HPBW. The null depth is around -54 dB at 80° and 100° while it is around -59 dB at 70° and 110° where minimum SLL is -16 dB for N=16. In this paper, it has developed the PSO algorithm code to calculate and optimize the inter-element spacing and excitation amplitude, which the optimization objectives targeted in this work are involved the HPBW, the SLL, directivity and null steering in certain angular directions. In order to achieve these goals, the two fitness functions have been used in the PSO method. One of the fitness functions is used with different values for the number of antenna array elements to find the optimum values of excitation amplitude and inter-element spacing that give a pattern having minimum SLL and HPBW. PSO employs the second fitness function to control the nulls in a specified direction and minimize SLL and HPBW by optimizing excitation amplitude.
